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,QWURGXFWLRQ
1.1. Very Small Power Producer (VSPP) 
7UDGLWLRQDOO\PXFKRIWKHHOHFWULFLW\JHQHUDWHGKDVEHHQSURGXFHGE\ODUJHVFDOHFHQWUDOL]HGSRZHUSODQWVXVLQJ
IRVVLOIXHOVHJFRDORLODQGJDVK\GURSRZHURUQXFOHDUSRZHU7KHHOHFWULFDOHQHUJ\LV WUDQVPLWWHGRYHU ORQJ
GLVWDQFHV E\KLJK YROWDJH +9 RU H[WUD KLJK YROWDJH (+9 WUDQVPLVVLRQ OLQHV DQG IURP WKHUH WKH KLJK YROWDJH
OHYHOV DUH FRQYHUWHG WR PHGLXP YROWDJH 09 DQG ORZ YROWDJH /9 OHYHOV WKURXJK GLVWULEXWLRQ OLQHV LQ WKH
GLVWULEXWLRQ V\VWHP WR HQGXVH FXVWRPHUV 6XFK D FHQWUDOL]HG JHQHUDWLRQ SDWWHUQ KRZHYHU VXIIHUV D QXPEHU RI
GUDZEDFNVVXFKDVDKLJKOHYHORIGHSHQGHQFHRQLPSRUWHGIXHOVWKDWDUHSULFHYXOQHUDEOHWUDQVPLVVLRQORVVHVWKH
QHFHVVLW\IRUFRQWLQXRXVXSJUDGLQJDQGUHSODFHPHQWRIWKHWUDQVPLVVLRQDQGGLVWULEXWLRQIDFLOLWLHVDQGWKHUHIRUHKLJK
RSHUDWLQJFRVWDVZHOODVHQYLURQPHQWDOLPSDFW,QDGGLWLRQDVHOHFWULFGHPDQGLVVXEVWDQWLDOO\LQFUHDVLQJDVDUHVXOW
RIHFRQRPLFDQGVRFLDOJURZWKVWKHFRQVWUXFWLRQRIDODUJHVL]HGSRZHUSODQWLVUXQQLQJLQWRILQDQFLDODQGWHFKQLFDO
GLIILFXOWLHVEHFDXVHLWLVFDSLWDOLQWHQVLYHDQGQHHGVFRQVLGHUDEOHDPRXQWRIWLPHWRFRPSOHWH
$OWHUQDWLYHO\DQ LGHDOSRVVLELOLW\RQHOHFWULFSRZHU VXSSO\ WRHQGXVH ORDGV LV WKH LQVWDOODWLRQRID VPDOO VL]HG
JHQHUDWLRQRU FRPPRQO\NQRZQ DV GLVWULEXWHGJHQHUDWLRQ '*2YHU WKH ODVW GHFDGH GLVWULEXWLRQQHWZRUNVKDYH
VHHQDODUJHQXPEHURIVPDOOVFDOHG'*VSRZHUHGE\FRQYHQWLRQDORUUHQHZDEOHHQHUJ\UHVRXUFHVGXHWRLQFHQWLYH
ILQDQFLDOSROLFLHV WRSURPRWHHQHUJ\HIILFLHQF\DQGUHQHZDEOHHQHUJ\'*VFDQEHSRZHUHGE\SKRWRYROWDLF 39
VRODUDUUD\VZLQGWXUELQHIXHOFHOOVDQGELRPDVVIXHODVZHOODVJDVILUHGFRPELQHGKHDWDQGSRZHU&+3ZKLFK
DUHLQVWDOOHGRQVLWHDQGRZQHGDQGRSHUDWHGE\FXVWRPHUVRUXWLOLWLHV
,Q7KDLODQGD'*ZLWKDQHWLQMHFWHGFDSDFLW\OHVVWKDQRUHTXDOWR0:LVFRPPRQO\NQRZQDV9HU\6PDOO
3RZHU3URGXFHU9633$VRI-XQH WKHUHDUH9633VRQFRPPHUFLDORSHUDWLRQZLWKD WRWDOFDSDFLW\RI
0:RURI0:DVWRWDOJHQHUDWLRQFDSDFLW\(QHUJ\5HJXODWRU\&RPPLVVLRQ>@
1.2. Impact of VSPPs on power system reliability 
,QSRZHUV\VWHPUHOLDELOLW\SRLQWRIYLHZ9633VSOD\DQLPSRUWDQWUROHLQUHGXFLQJLQWHUUXSWLRQGXUDWLRQVLH
V\VWHPDYHUDJHLQWHUUXSWLRQGXUDWLRQLQGH[6$,',DVDORFDOEDFNXSJHQHUDWRUZKHQWKHPDLQVXSSO\IURPJULGLV
RXWRIVHUYLFHGXHWRIDXOWVRUSODQQHGRXWDJHV,W LVREYLRXVO\VHHQLQWKLVFDVHWKDWZLWKRXWDQDGMDFHQWIHHGHUWR
SHUIRUP RSHQORRS FRQILJXUDWLRQ 9633V FDQ KHOS WR LPSURYH V\VWHP UHOLDELOLW\ WKHUHIRUH GHFUHDVH HOHFWULFLW\
RXWDJHFRVWRIFXVWRPHUV+RZHYHUWKH\FRXOGEHXVHIXORQO\ZKHQLQWHQWLRQDOLVODQGLQJRSHUDWLRQZDVDOORZHGE\
WKHORFDOHOHFWULFSRZHUXWLOLW\
$OWKRXJK9633VKDYHJDLQHGPDQ\SRVLWLYHHIIHFWVWKH\VWLOOKDYHVRPHVSHFLILFWHFKQLFDOLVVXHVWKDWQHHGWREH
DGGUHVVHG EHIRUH WKHLU DSSOLFDWLRQV LQ WKH GLVWULEXWLRQ QHWZRUNV GULYHQ E\ WZR IXQGDPHQWDO JRDOV FDQ EH IXOO\
UHDOL]HGGHOLYHULQJDQDFFHSWDEOHTXDOLW\RIVXSSO\WRFRQVXPHUVXQGHUQRUPDOFRQGLWLRQVDQGSURWHFWLQJWKH
LQWHJULW\RIWKHV\VWHPZKHQGLVWXUEHGE\IDXOWV7KHUHKDYHEHHQDQXPEHURISUREOHPVUHSRUWHGLQOLWHUDWXUHWKDW
FUHDWHFRPSOH[LW\LQFRQWURODQGSURWHFWLRQV\VWHPRIH[LVWLQJGLVWULEXWLRQQHWZRUNV>@
9633DQGV\PPHWULFDOIDXOWV
/HWXVFRQVLGHUDEDODQFHGIDXOWVKRZQLQ)LJDDVVXPLQJWKDWQRORDGFXUUHQWLVSUHVHQWLQWKHV\VWHP7KH
IDXOW OHYHO FDQ EH FDOFXODWHG XVLQJ DQ HTXLYDOHQW QHWZRUN VKRZQ LQ )LJ E ZKHUH WKH JHQHUDWRU PRGHO LV
UHSUHVHQWHGE\DQ LGHDOYROWDJH VRXUFH VHUULHGZLWKDQ LQWHUQDO LPSHGDQFHZS DQG IHHGHU LPSHGDQFHZL >@)RU D
WKUHHSKDVHIDXOWLVDZD\IURPWKHVXEVWDWLRQZLWKDGLVWDQFHRIGDVVKRZQLQ)LJWKHIDXOWFXUUHQWLVJLYHQE\
f
S L
E
I
d
Z Z
l
 

**   
:KHQDWKUHHSKDVHIDXOWRFFXUVDWWKHHQGRIIHHGHUWKHGLVWDQFHRIGEHFRPHVHTXDOWRWKHOLQHOHQJWKRIO:H
FDQFRQFOXGHWKDWWKHLPSHGDQFHEHWZHHQWKHIDXOWSRVLWLRQDQGWKHVRXUFHOLPLWVWKHPDJQLWXGHRIIDXOWFXUUHQWLH
WKHIDXOWFXUUHQWDWWKHHQGRIIHHGHULVOHVVWKDQWKDWQHDUWKHVXEVWDWLRQ
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)LJD9633DQGV\PPHWULFDOIDXOWVEQHWZRUNHTXLYDOHQW
)RUDGLVWULEXWLRQQHWZRUNZLWKD9633WKHPDJQLWXGHRIIDXOWFRQWULEXWLRQIURPWKH9633GHSHQGVRQDIHZIDFWRUV
x 7KHILUVWIDFWRULVWKHUDWLQJRIWKHPDFKLQHWKDWLVWKHJUHDWHU09$WKHKLJKHUWKHIDXOWFXUUHQW
x 7KH VHFRQG IDFWRU LV W\SH RI PDFKLQHV 7KH GLUHFWO\ FRXSOHG 9633 VXFK DV D V\QFKURQRXV JHQHUDWRU RU DQ
LQGXFWLRQ JHQHUDWRU WHQGV WR VXSSO\ PRUH IDXOW FXUUHQW FRPSDUHG ZLWK WKH FRQYHUWHU LQWHUIDFHG 9633 >@
7KHUHIRUHWKHLPSDFWRISURWHFWLRQLVSULPDULO\IRFXVHGRQGLUHFWO\FRXSOHG9633
x /DVWWKHIDXOWFXUUHQWLVORFDWLRQVSHFLILF$9633ORFDWHGQHDUWKHIDXOWSRVLWLRQKDVDJUHDWHUFRQWULEXWLRQWRWKH
IDXOWFXUUHQW
,VODQGLQJRSHUDWLRQDVSHFWVRI9633VDQGJULGFRGH
3.1. Islanding operation aspects of VSPPs 
,VODQGLQJLVWKHSURFHVVZKHUHE\DQDUHDRIXWLOLW\V\VWHPLVHOHFWULFDOO\VHSDUDWHGIURPWKHPDLQXWLOLW\V\VWHPDV
WKH UHVXOW RI DXWRPDWLF SURWHFWLRQ RU FRQWURO DFWLRQ HJ RSHUDWLRQ RI DQ XSVWUHDP EUHDNHU IXVH RU DXWRPDWLF
VHFWLRQDOL]LQJVZLWFKRUWKHUHVXOWRIKXPDQHUURULHPDQXDOVZLWFKLQJ:KLOHWKDWDUHDLVVWLOOHQHUJL]HGVROHO\
E\ RQH RUPRUH ORFDO JHQHUDWLRQ LH 9633V WKURXJK WKH DVVRFLDWHG SRLQW RI FRPPRQ FRXSOLQJV 3&&V >@
,VODQGLQJFDQEHJHQHUDOO\FODVVLILHGLQWRFDVHVDV
x ,QWHQWLRQDOSODQQHGLVODQGLQJ%HFDXVHWKH9633FDQVHUYHVRPHORDGVZKLOHEHLQJZDLWLQJIRUWKHXSVWUHDPIDXOW\
SDUWWREHUHSDLUHG6XFKLQWHQWLRQDOO\LVODQGLQJRSHUDWLRQLVXVHIXOIRUH[DPSOHGXHWRSHUPDQHQWIDXOWVRUGXULQJ
VFKHGXOHG PDLQWHQDQFH 7R LPSOHPHQW LVODQGLQJ GXULQJ XSVWUHDP XWLOLW\ QHWZRUN RXWDJHV D FDUHIXO VWXG\ DQG
SUHSDUDWLRQVKRXOGEHFDUULHGRXWLQDGYDQFH3RZHUIORZDQDO\VLVRILVODQGHGVHFWLRQPXVWEHSHUIRUPHGWRHQVXUH
WKDWSURSHUYROWDJHDQGIUHTXHQF\UHJXODWLRQVDUHPDLQWDLQHGDWDOOLVODQGHGORDGV7KHWRWDOFDSDFLW\RIWKH9633VLV
ODUJHHQRXJKWRVXSSO\WKHUHPDLQLQJGHPDQGZLWKHQRXJKUHVHUYHPDUJLQRWKHUZLVHGLVFRQQHFWLRQRIQRQSULRULW\
ORDGVLHORDGVKHGGLQJVZLWFKLQJRSHUDWLRQDQGVSHFLDOSURWHFWLRQVHWWLQJLVUHTXLUHG
x 8QLQWHQWLRQDO XQSODQQHG LVODQGLQJ 7R JXDUG DJDLQVW XQLQWHQWLRQDO LVODQGLQJ RSHUDWLRQ WKH 9633
LQWHUFRQQHFWLRQ V\VWHPV DUH REOLJHG WR GHWHFW WKH LVODQGLQJ FRQGLWLRQV DQG WR EH VHOIGLVFRQQHFWHG IURP WKH
QHWZRUNFHDVHWRHQHUJL]HWKHXWLOLW\V\VWHPZLWKLQVXLWDEOHWLPHIUDPHHJWZRVHFRQGVDVUHFRPPHQGHGLQ
,(((IRUDQWLLVODQGLQJSURWHFWLRQLQRUGHUWKDWWKHFRQWURODQGSURWHFWLRQV\VWHPRIWKHGLVWULEXWLRQ
QHWZRUNFDQZRUNQRUPDOO\,VODQGLQJGHWHFWLRQFDQEHFODVVLILHGLQWRVFKHPHV>@DVORFDOGHWHFWLRQVFKHPHV
DQGFRPPXQLFDWLRQVEDVHGGHWHFWLRQVFKHPHV
,QPRVWFDVHVLWLVXQGHVLUDEOHIRUD9633WRLVODQGZLWKDQ\SDUWRIWKHXWLOLW\V\VWHPEHFDXVHWKLVDFWLRQPD\OHDG
WRVDIHW\SUREOHPV$VIDUDVWKHVDIHW\RIRQVLWHSHUVRQQHOLVRIWKHPRVWFRQFHUQLIDQLVODQGIRUPVLVODQGHGV\VWHP
LVVWLOOHQHUJL]HGE\WKH9633XWLOLW\UHSDLUZRUNHUVFDQEHH[SRVHGWRXQH[SHFWHGOLYHZLUHVWKDWRWKHUZLVHZRXOGEH
GHHQHUJL]HG,VODQGLQJFDQREVWUXFWVHUYLFHUHVWRUDWLRQE\UHTXLULQJWKHXWLOLW\WRVSHQGPRUHWLPHGLVDEOLQJWKHLVODQG
FRQGLWLRQV 7KLV ZLOO LPSDFW UHOLDELOLW\ LQGLFHV VXFK DV 6$,', )LQDOO\ LVODQGLQJ DOVR LQFUHDVHV WKH OLNHOLKRRG WKDW
VWDELOLW\LVQRWHIIHFWLYHO\JXDUDQWHHGDQGSRZHUTXDOLW\PD\QRWDFFHSWDEO\PHHWWKHHVWDEOLVKHGVWDQGDUGVFULWHULDDV
ZHOODVHQGXVHUORDGVPD\EHGDPDJHGGXHWRRXWRIUDQJHYROWDJHDQGIUHTXHQF\FRQGLWLRQVIURPWKHQRUP
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3.2. Grid code for VSPPs connection 
$VRIILFLDOO\VWDWHGLQWKHH[LVWLQJJULGFRGHHOHFWULFLW\DXWKRULWLHVLQ7KDLODQGGRQRWSHUPLWLVODQGLQJRSHUDWLRQ
LQ WKHLU VHUYLFH WHUULWRULHV LH LVODQGLQJ RSHUDWLRQ LV FXUUHQWO\ QRW DOORZHG 7KH H[LVWLQJ JULG FRGH IRU 9633
FRQQHFWLRQ LQ WKHXWLOLW\QHWZRUN LQGLFDWHV WKDWD9633LVREOLJHG WRGHWHFW WKH LVODQGDQG WREHVHOIGLVFRQQHFWHG
IURPWKHQHWZRUNZLWKLQVHFRQGIRUDPDFKLQHEDVHG9633>@DQGVHFRQGVIRUDQLQYHUWHUEDVHG9633>@
&RQWURODQGSURWHFWLRQV\VWHPRIGLVWULEXWLRQQHWZRUN
4.1. Control and protection system of distribution network located in a metropolitan area 
7DEOHVXPPDUL]HVWKHFRQWURODQGSURWHFWLRQV\VWHPRIGLVWULEXWLRQQHWZRUNORFDWHGLQDPHWURSROLWDQDUHD>@
DQGJULGFRGHIRU9633VFRQQHFWLRQ1RWHWKDWWKHGLVWULEXWLRQQHWZRUNVGRQRWKDYHDV\QFKHFNUHOD\
7DEOH&RQWURODQGSURWHFWLRQV\VWHPRIGLVWULEXWLRQQHWZRUNDQGJULGFRGHIRU9633VFRQQHFWLRQ
&RQWURODQGSURWHFWLRQV\VWHPRIGLVWULEXWLRQQHWZRUNDQGJULGFRGHIRU9633VFRQQHFWLRQ 5DWLQJVHWWLQJ
3URWHFWLYHGHYLFHV &%LQVWDOOHGDWWKHEHJLQQLQJRIDQRXWJRLQJ09IHHGHUDWWKH09EXVEDURID+909VXEVWDWLRQ
 )XVHXWLOL]HGWRSURWHFWDODWHUDO09IHHGHU 7\SH.IDVWFOHDULQJWLPH
  $IRUN9RU$IRUN9
3URWHFWLYHUHOD\V 2&UHOD\QRQGLUHFWLRQDOPLFURSURFHVVRUEDVHGIXVHVDYLQJVFKHPH 
 ,QVWDQWDQHRXVRSHUDWLRQ $IRUN9RU$IRUN9
  VHFRQG
 ,QYHUVHGHILQLWHPLQLPXPWLPHRSHUDWLRQ $7066WDQGDUG,QYHUVH
 ()UHOD\ $7069HU\,QYHUVH
 8)UHOD\PRQLWRUWKHV\VWHPIUHTXHQF\DWD09EXVEDUDQGVKHGORDGVE\WULSSLQJIHHGHUV¶&%V VWHSVDQG+]
  VHFRQG
5HVWRUDWLRQIXQFWLRQV 55UHGXFLQJRXWDJHWLPHIURPVXVWDLQHGWRPRPHQWDU\LQWHUUXSWLRQGXHWRDWHPSRUDU\IDXOW VWHSVVHFRQGVDQGPLQXWH
 %72IXQFWLRQUHVWRUDWLRQIRU09EXVEDUIURPSRZHUWUDQVIRUPHUIDLOXUHV VHFRQGV
 /72RU&72IXQFWLRQUHVWRUDWLRQIRU+909VXEVWDWLRQIURPWUDQVPLVVLRQOLQHIDLOXUHV VHFRQG
9633VFRQQHFWLRQ 9633LVREOLJHGWRGHWHFWWKHLVODQGDQGWREHVHOIGLVFRQQHFWHGIURPWKHQHWZRUNZLWKLQ 
 0DFKLQHEDVHG9633 VHFRQG
 ,QYHUWHUEDVHG9633 VHFRQGV
4.2. Coordination of overcurrent (OC) relay, reclosing relay (RR), and lateral fuse 
$ W\SLFDO SURWHFWLRQ V\VWHP FRQILJXUDWLRQ RI09 IHHGHU LV VKRZQ LQ )LJ  7KH IXVH VDYLQJ VFKHPH VWUDWHJ\
WHPSRUDULO\ LQWHUUXSWV DQ HQWLUH IHHGHU IRU DOO IDXOWV RFFXUULQJ RQ WKH IHHGHU ZLWK WKH PDLQ REMHFWLYH WR VDYH
H[SHQVLYHIXVHUHSODFHPHQWDQGWRUHGXFHRXWDJHWLPHRIFXVWRPHUV7KHRSHUDWLRQRIDQ2&UHOD\LVRIWZRW\SHV
IDVWDQGVORZZLWKGHWDLOVDVIROORZV
x ,QVWDQWDQHRXVRSHUDWLRQ:KHQDIDXOWLVGHWHFWHGWKHDVVRFLDWHGUHOD\ZLOOGLVFRQQHFWWKHFLUFXLWEUHDNHU&%DW
RQFHLHVHFRQGWRDYRLGGDPDJHRQWKHIXVH$IWHUWKH&%KDVEHHQRSHQHGWKLVGLVFRQQHFWLQJPRGH
ZLOO EH EORFNHG 7KHQ WKH ILUVW VWHS RI 55 LH  VHFRQGV ZLOO FRPH WR RSHUDWLRQ E\ UHFORVLQJ WKH &%
7KHUHIRUHLIWKHIDXOWLVWHPSRUDU\WKHV\VWHPFDQUHWXUQWRQRUPDOZLWKRXWUHDOL]LQJDVXVWDLQHGLQWHUUXSWLRQ
x ,QYHUVH GHILQLWH PLQLPXP WLPH ,'07 RSHUDWLRQ ,I WKH IDXOW VWLOO UHPDLQV WKH UHOD\ ZLOO QRW RSHQ WKH &%
LPPHGLDWHO\ZDLWLQJIRUWKHIXVHWREORZDQGLVRODWHWKHIDXOW\SDUW,IWKLVLVWKHFDVHWKHUHOD\ZLOOQRWWULSWKH
&%WKHUHIRUHWKHFXVWRPHUVLQWKHKHDOWK\DUHDVFDQVWLOOEHHOHFWULFDOO\VXSSOLHG2QWKHRWKHUKDQGIRUH[DPSOH
DIDXOWRQWKHPDLQIHHGHUIRUDVKRUWSHULRGRIWLPHWKH2&UHOD\ZLOOWULSWKH&%DQGWKHQWKHVHFRQGVWHSRIWKH
55LHPLQXWHZLOOEHDFWLYDWHG
7KH55LVDPHFKDQLVPWKDWFDQDXWRPDWLFDOO\FORVHWKHEUHDNHUDIWHULWKDVEHHQRSHQHGGXHWRDIDXOW%HFDXVH
PRVWRIWKHIDXOWVRQRYHUKHDGIHHGHUVRURYHUKHDGWUDQVPLVVLRQOLQHVDUHWHPSRUDU\UHFORVLQJUHOD\VSOD\
DQLPSRUWDQWUROHWRLQFUHDVHV\VWHPDYDLODELOLW\RIVXSSO\LHUHGXFLQJRXWDJHWLPHIURPVXVWDLQHGWRPRPHQWDU\
LQWHUUXSWLRQ,QPHWURSROLWDQGLVWULEXWLRQQHWZRUNVWZRSUHSURJUDPPHGDWWHPSWWRUHHQHUJL]HWKHIHHGHUVILUVWDW
VHFRQGVDQGWKHRWKHUDWPLQXWHLIWKHODVWDWWHPSWGRHVQRWVXFFHVVIXOO\UHHQHUJL]HWKHOLQHWKH55ZLOOORFN
RXWIRUSHUPDQHQWIDXOWVDQGUHTXLUHKXPDQLQWHUYHQWLRQWRUHVHW
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
)LJD7\SLFDOSURWHFWLRQV\VWHPFRQILJXUDWLRQRI09IHHGHUEFRRUGLQDWLRQRI2&UHOD\55DQGODWHUDOIXVH
&DVHVWXG\RISUDFWLFDOLPSDFWRI9633RQFRQWURODQGSURWHFWLRQV\VWHP
7KHUH KDYH EHHQ D QXPEHU RI SUREOHPV LQYHVWLJDWHG WKDW FUHDWH FRPSOH[LW\ LQ FRQWURO DQG SURWHFWLRQ V\VWHP RI
H[LVWLQJ PHWURSROLWDQ GLVWULEXWLRQ QHWZRUNV GXH WR 9633V SHQHWUDWLRQ VXFK DV IDLOHG UHFORVLQJ GXH WR FRQWLQXRXV
FXUUHQWFRQWULEXWHGWRWHPSRUDU\IDXOWDFWLYDWLRQRI8)UHOD\DQGSURWHFWLRQXQGHUUHDFK>@2ILQWHUHVWLQWKLVSDSHU
LVSUHVHQWHGLQ7DEOHIRUWKUHHFDVHVFHQDULRVIDOVHWULSSLQJPLVFRRUGLQDWLRQEHWZHHQ2&UHOD\DQGIXVHDQGRXWRI
V\QFKURQRXV :LWK ',J6,/(17 3RZHU )DFWRU\ >@ WKH WKUHH FDVH VWXGLHV RI D UHDO H[LVWLQJ 9633 LQ D  N9
GLVWULEXWLRQQHWZRUNDUHSUDFWLFDOO\SUHVHQWHGZLWKVKRUWFLUFXLWDQDO\VLVDQGG\QDPLFDQDO\VLVSULPDULO\IRFXVLQJRQ
QRWVHOIGLVFRQQHFWHG9633GXULQJIDXOWVLHIDXOWFRQWULEXWLRQIURPWKH9633DQGXQLQWHQWLRQDOLVODQGLQJ
7DEOH&DVHVFHQDULRVIRUSUDFWLFDOLPSDFWRI9633RQFRQWURODQGSURWHFWLRQV\VWHP
&DVHVFHQDULR &DXVHVIURP &RQWURO	SURWHFWLRQ 3RVVLEOHFRQVHTXHQFHV 0LWLJDWLRQPHDVXUHV9633 V\VWHPDIIHFWHG
)DOVHWULSSLQJ )DXOW 'HILQLWHWLPH 7KH&%ORFDWHGDWWKHKHDOWK\IHHGHU ,'072&UHOD\
 FRQWULEXWLRQ 2&UHOD\ FRQQHFWHGZLWK9633LVIRUFHGWRRSHQ GLUHFWLRQDO2&UHOD\
   EHIRUHWKH&%RIGLVWXUEHGIHHGHU 
   ZLOOEHGLVFRQQHFWHGWRLVRODWHWKHIDXOW 
0LVFRRUGLQDWLRQEHWZHHQ )DXOW ,'072&UHOD\ 7KHSURWHFWLRQFRRUGLQDWLRQ 0LFURSURFHVVRUEDVHG2&UHOD\V
2&UHOD\DQGIXVH FRQWULEXWLRQ ODWHUDOIXVH EHWZHHQWKH2&UHOD\DQGWKHIXVH (two modes of operation: 
(regard to fuse saving scheme)   QRORQJHUIROORZVWKHIXVHVDYLQJVFKHPH instantaneous, IDMT) 
2XWRIV\QFKURQRXV 8QLQWHQWLRQDO 55 (TXLSPHQWVDQG9633PD\EHGDPDJHG $QWLLVODQGLQJSURWHFWLRQ
 LVODQGLQJ   V\QFKHFNUHOD\
5.1. System parameters of case study 
7KHV\VWHPSDUDPHWHUVXVHGLQWKHFDVHVWXG\IRU9633+909VXEVWDWLRQDQG09IHHGHUDUHJLYHQLQ7DEOHWR7DEOH
7DEOH3DUDPHWHUVRI9633
3DUDPHWHU 8QLW
7\SHRIPDFKLQH 6\QFKURQRXV 
7HFKQRORJ\ &+3 
&RQQHFWLRQ 6WDU 
5DWHGRXWSXW  09$
9ROWDJH  N9
)UHTXHQF\  +]
3RZHUIDFWRU  
'LUHFWD[LVV\QFKURQRXVUHDFWDQFH;G  SX
'LUHFWD[LVWUDQVLHQWUHDFWDQFH;G
  SX
'LUHFWD[LVVXEWUDQVLHQWUHDFWDQFH;G  SX
1HJDWLYHVHTXHQFHUHDFWDQFH;  SX
=HURVHTXHQFHUHDFWDQFH;  SX
7DEOH0D[LPXPVKRUWFLUFXLWFXUUHQWDQG7KHYHQLQLPSHGDQFHVRI+909VXEVWDWLRQ
%DVHYROWDJH ,6&SKJ ,6&SKJ 7KHYHQLQLPSHGDQFH2KPV
N9 N$ N$ 5 ; 5 ;
      
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7DEOH6HTXHQFHLPSHGDQFHRI09IHHGHU
)HHGHUW\SH 6HTXHQFHLPSHGDQFH2KPNLORPHWHU5 ; 5 ;
N92+6SDFHG$HULDO&DEOHPP    
N98*;/3(,QVXODWHG&RSSHU&DEOHPP    
5.2. Scenario case 1: False tripping / sympathetic tripping 
)RU WKHVDNHRIGLVFULPLQDWLRQ WKHSURWHFWLRQVFKHPHLV UHTXLUHG WRUHVSRQVH WRRQO\IDXOWVZLWKLQ WKHLUFOHDUO\
GHVLJQDWHG ]RQH IRU IDXOW LVRODWLRQ+RZHYHU WKLVPD\ QRW EH DOZD\V WKH FDVH IRU WKH SUHVHQFH RI9633$V DQ
H[DPSOH OHW XV VHH )LJ $ EDODQFHG IDXOW LV KDSSHQLQJ DW )HHGHU ZLWK DPDJQLWXGH RI  N$  N$
VXSSOLHGIURPWKHPDLQJULGLH+909WUDQVIRUPHUDQGN$IURPWKH9633FRQQHFWHGDW)HHGHULH
DGMDFHQW IHHGHU 7KH IDXOW FXUUHQW IURP WKH 9633 PD\ H[FHHG WKH SLFNXS OHYHO RI WKH 2& UHOD\ RI )HHGHU 
7KHUHIRUHLWLVSRVVLEOHWKDWWKH&%ORFDWHGDWWKHKHDOWK\IHHGHUFRQQHFWHGZLWK9633)HHGHULVIRUFHGWRRSHQ
EHIRUHWKH&%RIGLVWXUEHGIHHGHU)HHGHUZLOOEHGLVFRQQHFWHGWRLVRODWHWKHIDXOW
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7KLVFDVHFDQKDSSHQSDUWLFXODUO\LQWKHZHDNJULGZLWKORQJIHHGHUVDQGZLWKDGHILQLWHWLPH2&UHOD\EHFDXVH
ZHQHHGWRPDNHVXUHWKDWWKHUHOD\FDQGHWHFWORZVKRUWFLUFXLWFXUUHQWDQGKHQFHORZSLFNXSFXUUHQWLVXVXDOO\VHW
7ZRHIIHFWLYHZD\VWRWDFNOHWKLVSUREOHPLVWRXVH,'072&UHOD\DVLQWKHFDVHRIWKHSURWHFWLRQVFKHPHLQWKH
PHWURSROLWDQ GLVWULEXWLRQ QHWZRUNV RU LQVWDOO D GLUHFWLRQDO 2& UHOD\ )LJ  DQG 7DEOH  FRPSDUH WKH RSHUDWLRQ
EHWZHHQWKHGHILQLWHWLPH2&UHOD\DQG,'072&UHOD\IRUVFHQDULRFDVH
7DEOH&RPSDULVRQRIRSHUDWLRQEHWZHHQWKHGHILQLWHWLPH2&UHOD\DQG,'072&UHOD\LQVFHQDULRFDVH
 )HHGHUKHDOWK\IHHGHUFRQQHFWHGZLWK9633 )HHGHUGLVWXUEHGIHHGHU 8QLW 6WLOOEDVHGRQGLVFULPLQDWLQJ]RQH
&XUUHQWWUDQVIRUPHU
VSULPDU\FXUUHQW   N$ 
'HILQLWHWLPH2&UHOD\   6HFRQGV 8
,'072&UHOD\   6HFRQGV 9
5.3. Scenario case 2: Miscoordination between OC relay and fuse 
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)LJ6LPXODWLRQUHVXOWVDVWLPHFXUUHQWFKDUDFWHULVWLFRI2&UHOD\DQGIXVHLQVFHQDULRFDVHD
,'072&UHOD\ELQVWDQWDQHRXV	,'072&UHOD\
,*ULG
,9633
/DWHUDOIXVH
DW)HHGHU
2&UHOD\RI
)HHGHU
/DWHUDOIXVH
DW)HHGHU2&UHOD\RI)HHGHUD E
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$VDOUHDG\GHWDLOHGLQDQRYHUKHDGGLVWULEXWLRQQHWZRUNWKHFRRUGLQDWLRQEHWZHHQWKH2&UHOD\DQGWKHODWHUDO
IXVHVIROORZVWKHIXVHVDYLQJVFKHPH7KDWLVIRUDIDXOWRQDIHHGHUWKH2&UHOD\VKRXOGWULSWKH&%EHIRUHWKHIXVH
RSHUDWHVLHEHIRUHPLQLPXPPHOWLQJWLPH)RUWHPSRUDU\IDXOWVDIWHUWKH&%LVUHFORVHGE\55WKHIHHGHULVDEOH
WR FRQWLQXH WR VXSSO\ WKH ORDGV DV QRUPDO (DFK RI WKH IXVHV VKRXOG LQWHUUXSW RQO\ GRZQVWUHDP VXVWDLQHG IDXOWV
+RZHYHUWKLVPD\QRWEHDOZD\VWKHFDVHIRUWKHSUHVHQFHRI9633
$VDQH[DPSOH OHWXV VHH)LJ$VVXPH WKDWD WHPSRUDU\EDODQFHG IDXOW LVRQ WKHGRZQVWUHDPRI)HHGHU¶V
ODWHUDOIXVHDVN$N$VXSSOLHGIURPWKHPDLQJULGDQGN$IURPWKH9633FRQQHFWHGDW)HHGHU
7KHIDXOWFRQWULEXWLRQIURPWKH9633LVDGGHGWR WKHIDXOWFXUUHQWIURPWKHJULGUHVXOWLQJVLJQLILFDQWO\KLJKIDXOW
FXUUHQWVHHQE\WKHIXVHN$FRPSDUHGZLWKWKHIDXOWFXUUHQWVHHQE\WKH2&UHOD\ZKLFKKDVGHWHFWHGWKH
IDXOWFXUUHQWIURPWKHJULGRQO\N$$VVKRZQLQ)LJDWKLVH[FHVVLYHKLJKFXUUHQWFRQGLWLRQPD\UHVXOW
LQ WKH IXVH WR EORZ  V DV PLQLPXP PHOWLQJ WLPH EHIRUH WKH ,'072& UHOD\ WR WULS WKH &%  V
7KHUHIRUHWKHSURWHFWLRQFRRUGLQDWLRQEHWZHHQWKH2&UHOD\DQGWKHIXVHVQRORQJHUIROORZVWKHIXVHVDYLQJVFKHPH
7KHQHJDWLYHHIIHFW LV WKDWIXVHVDUHIRUFHGWRRSHUDWHPRUHRIWHQWKDQQHFHVVDU\LQWHUUXSWLQJERWKWHPSRUDU\DQG
VXVWDLQHG IDXOWVZKLFKZRUVHQV V\VWHP UHOLDELOLW\ DVZHOO DV LQFUHDVHVPDLQWHQDQFH FRVW7KLV SUREOHPFRXOGEH
DYRLGHG LI WKH PLFURSURFHVVRU EDVHG 2& UHOD\V ZHUH DEOH WR EH SURJUDPPHG LQ WZR PRGHV RI RSHUDWLRQ
LQVWDQWDQHRXV DQG ,'07 DV VKRZQ LQ )LJ E DV LQ WKH FDVH RI WKH SURWHFWLRQ VFKHPH LQ WKH PHWURSROLWDQ
GLVWULEXWLRQQHWZRUNV
5.4. Scenario case 3: Out of synchronous 
/HW XV VHH )LJ D DIWHU WULSSLQJ WKH &% E\ WKH 2& UHOD\ GXH WR D WHPSRUDU\ IDXOW RQ )HHGHU  WKH IDXOW
GLVDSSHDUV IURP WKH V\VWHP:KLOH DOO RI WKH GHPDQG LQ )HHGHU  LV EHLQJ FRYHUHG E\ WKH 9633 WKH 9633 LV
ZRUNLQJXQLQWHQWLRQDO LVODQGLQJ7KH LVODQGHGV\VWHPZLOOTXLFNO\GULIWRXWRISKDVHZLWK WKHPDLQXWLOLW\ V\VWHP
GXULQJWKHGHDGSHULRG$IWHUZDUGVWKH55VHQGVDFRPPDQGWRUHFORVHWKH&%ZLWKRXWV\QFKHFNUHOD\DVLQWKH
FDVHRIPHWURSROLWDQGLVWULEXWLRQQHWZRUNV7KLVUHFRQQHFWLRQSURFHVVZRXOGLQWURGXFHYROWDJHGLIIHUHQFHEHWZHHQ
WKH JULG DQG WKH 9633 7KH ZRUVW FDVH PDJQLWXGH YROWDJH RI ZRXOG EH VHHQ DFURVV HTXLSPHQW FDXVLQJ
GDPDJH WKH XWLOLW\ HTXLSPHQWV WKH LVODQGHG 9633 DQG DGMDFHQW HQGXVHU ORDGV )LJ E LV GHPRQVWUDWHG WR
FRPSDUHWKHFDVHRIZLWKRXW9633LQUHGFRORUDQGZLWK9633LQEOXHFRORU
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D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E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9ROWDJHDWVXEVWDWLRQ¶VEXVEDU3RZHUFRQVXPHGE\DQLVODQGHGORDG
3RZHUVXSSOLHGE\9633 
,VODQGHGQHWZRUN
2&UHOD\
55VWVWHS
&DXVHGE\RXWRIV\QFKURQRXV
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&RQFOXVLRQ
%HFDXVHGLIIHUHQWGLVWULEXWLRQQHWZRUNVKDYHGLIIHUHQWFRQWURODQGSURWHFWLRQVFKHPHVDQGRSHUDWLQJSULQFLSOHV
LPSDFWVRIVPDOO'*VDUHLQIDFWV\VWHPVSHFLILFDQGWKHUHIRUHLWLVGLIILFXOWWRJHQHUDOL]HHIIHFWLYHZD\VWRVROYHDOO
FRQWURODQGSURWHFWLRQV\VWHPUHODWHGSUREOHPV,QDGGLWLRQLWLVREYLRXVO\VHHQWKDWZKLOHPDQ\RIWKHSUREOHPVDUH
VKDUHG LQ FRPPRQ VRPH DUH V\VWHPGHSHQGHQW &RQVHTXHQWO\ V\VWHP RSHUDWRUV DQG SODQQHUV KDYH WR FDUHIXOO\
UHYLHZ DQG SUREDEO\ UHYLVH LI QHFHVVDU\ WKHLU H[LVWLQJ FRQWURO DQG SURWHFWLRQ V\VWHPV WR DFFRPPRGDWH KLJK
SHQHWUDWLRQOHYHOVRI9633VWRUHWDLQV\VWHPUHOLDELOLW\
7KLVSDSHULQYHVWLJDWHVWKHSRVVLEOHQHJDWLYHLPSDFWVRI9633VEDVHGRQWKHFRQWURODQGSURWHFWLRQVFKHPHVRI
PHWURSROLWDQGLVWULEXWLRQQHWZRUNV7KUHHFDVHVFHQDULRVIRUDUHDOH[LVWLQJ9633LQN9GLVWULEXWLRQQHWZRUNDUH
SUDFWLFDOO\SUHVHQWHGZLWKVKRUWFLUFXLWDQDO\VLVDQGG\QDPLFDQDO\VLVSULPDULO\IRFXVLQJRQXQGLVFRQQHFWHG9633
GXULQJIDXOWVDQGXQLQWHQWLRQDOLVODQGLQJ7KLVSDSHUKDVGHPRQVWUDWHGWKDWDGHYHORSHGVLPXODWLRQWRROJLYHQWKH
XWLOLW\ V\VWHP FKDUDFWHULVWLFV DQG WKH9633 XQLW FKDUDFWHULVWLFV SURYHV WR EH XVHIXO IRU YDULRXV FDOFXODWLRQV DQG
LPSRVHGFRQVWUDLQWV WR LGHQWLI\ LI9633VKDYHFDSDELOLW\ WREH FRQQHFWHGZLWK ORFDOGLVWULEXWLRQQHWZRUNZLWKRXW
VLJQLILFDQW FRQFHUQ RI DGYHUVH LPSDFWV RQ WKH H[LVWLQJ FRQWURO DQG SURWHFWLRQ V\VWHP 1HZ IXQFWLRQDOLWLHV DQG
FRPPXQLFDWLRQ WHFKQRORJLHV VXFK DV VPDUW JULG RU VXEVWDWLRQ DXWRPDWLRQZRXOG EH UHTXLUHG WR DUULYH DW RSWLPDO
VROXWLRQVWKDWDUHFRPSURPLVHGEHWZHHQJRYHUQPHQWSROLFLHVDQGWHFKQLFDOLVVXHV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOG OLNH WR H[SUHVV WKHLU VLQFHUHJUDWLWXGH WR0HWURSROLWDQ(OHFWULFLW\$XWKRULW\ 0($ IRU WKH
ILQDQFLDODQGWHFKQLFDOVXSSRUWRIWKLVUHVHDUFKZRUN
5HIHUHQFHV
>@ (QHUJ\5HJXODWRU\&RPPLVVLRQ>2QOLQH@$YDLODEOHKWWSZZZHUFRUWK(5&633
>@ (-&RVWHU,QWHJUDWLRQ,VVXHVRI'LVWULEXWHG*HQHUDWLRQLQ'LVWULEXWLRQ*ULGV,(((9RO1R-DQXDU\S
>@ $GO\*LUJLVDQG6XNXPDU%UDKPD(IIHFWRI'LVWULEXWHG*HQHUDWLRQRQ3URWHFWLYH'HYLFH&RRUGLQDWLRQLQ'LVWULEXWLRQ6\VWHP,(((
>@ 3UDGLW)XDQJIRR7KRQJFKDL0HHQXDO:HL-HQ/HHDQG&KRZ&KRPSRR,QZDL3($*XLGHOLQHVRI,PSDFW6WXG\DQG2SHUDWLRQRI'*IRU
,VODQGLQJ2SHUDWLRQ,(((
>@ 1LFN-HQNLQV5RQ$OODQ3HWHU&URVVOH\'DQLHO.LUVFKHQDQG*RUDQ6WUEDF(PEHGGHG*HQHUDWLRQ,(7S
>@ ,((( 6WG  ,((( 6WDQGDUG IRU ,QWHUFRQQHFWLQJ 'LVWULEXWHG 5HVRXUFHV ZLWK (OHFWULF 3RZHU 6\VWHPV ,((( 5HDIILUPHG 
6HSWHPEHU
>@ 3%DUNHU3KLOLS DQG:GH0HOOR5REHUW'HWHUPLQLQJ WKH LPSDFW RI GLVWULEXWHGJHQHUDWLRQRQSRZHU V\VWHPV3DUW5DGLDO GLVWULEXWLRQ
V\VWHPV,(((3RZHU(QJLQHHULQJ6RFLHW\6XPPHU0HHWLQJS
>@ -RKQ 0XOKDXVHQ -RVHSK 6FKDHIHU 0DQJDSDWKLUDR 9HQNDW 0\QDP $UPDQGR *X]PiQ DQG 0DUFRV 'RQROR $QWL,VODQGLQJ 7RGD\
6XFFHVVIXO,VODQGLQJLQWKH)XWXUH,(((
>@ 0HWURSROLWDQ(OHFWULFLW\$XWKRULWLHVLQ7KDLODQG*ULG&RGH
>@0HWURSROLWDQ(OHFWULFLW\$XWKRULWLHVLQ7KDLODQG*ULG&RGHIRU6RODU395RRIWRS
>@1RSSDWHH6DESD\DNRPDQG6RPSRUQ6LULVXPUDQQXNXO3UDFWLFDO,PSDFWRI9HU\6PDOO3RZHU3URGXFHUV9633RQ&RQWURODQG3URWHFWLRQ
6\VWHPLQ'LVWULEXWLRQ1HWZRUNV,-2((9RO1R6HSWHPEHUS
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